T IS WELL KNOWN THAT sufficient methods and design codes exist for the design of connections and supports, as well as expansion loops, for pipelines made by carbon steel. However, since the fibre-reinforced composite materials are not widely used for pipelines fabrication, there is still a lack of design rules. The aim of the present work is to provide theoretical tools for dimensioning of joints, supports and expansion loops for pipelines made by composite materials. The derived formulae are based on the classical lamination theory. In order to avoid complex equations that are non-convenient for practical use, reasonable assumptions are adopted. Numerical results and practical design suggestions are provided.
Since the loads acting on a multi-layered laminate have common direction for all layers composing the laminate, the stresses and strains to with respect to the global coordinate system x -y -z (Fig.1) is given by the following formula: 
The parameters Q i j correlating the stress with respect to the strains in the global coordinate system are called transformed reduced stiffnesses and vary with the fiber orientation θ.
In above equations the parameters Qij are given by the Equns 2-5, and the parameters m and n are: m = cos θ and n = sin θ (13)
Classical lamination theory
A laminated material element consisting of N layers (Fig.2) is considered for describing the relation of the force and moment resultants to the strains and curvatures: 
In the above Equn 14 the 6 x 6 matrix consisting of the components A ij , B ij , D ij , is called laminate stiffness matrix or ABD matrix. Inversion of the above equation provides the relation of the strains and curvatures with the force and moment resultants: 
In above equations the strains ε ε γ are the force and moment acting on the segment AB (Fig.3 ) , and AB is the length of the segment AB.
The elements of the ABD matrix are given by the following formulae:
The Tsai-Wu failure criterion
Based on a concept similar to that followed for the derivation of the von Mises criterion for isotropic materials, the Tsai-Wu criterion for composites, assuming the plane-stresses assumption is given by the following formula:
where :
The material properties in Equns 22-26 are symbolized by the following notations: s 1 C = compression failure stress in the x 1 direction s 1 T = tensile failure stresses in the x 1 direction s 2 C = compressive failure stresses in the x 2 direction s 2 T = tensile failure stresses in the x 2 direction τ 12 F = shear failure stresses in the x 1 -x 2 plane 
Joints of pipelines made by reinforced multilayered composite materials
The usual joints for composite pipelines connections are the butt joints [9] , and the socket adhesive joints (Figs 4 and 5). The first one (Fig.4) is usually made by wrapping layers of fibre impregnated with a catalyst resin over the butted joint and is cheap, permanent and very satisfactory [10] . The second one is based on joining pipe pieces by adhesive layer (Fig.5) . In order the joint to be successful, the adhesive layer should be able to carry the developed shear stresses.
The axial force and bending moment capacity of the above joints is given [8] by the following approximate formulae: 153 E x = extensional modulus of elasticity in the longitudinal direction given by the formula: 
where θ is the fiber orientation and E 1 , E 2 , G 12 , n 12 are the elasticity properties of the pipe material in the principal axes, and
With the aid of Equns 27 and 28, the numerical results [8] are listed in Tables 1 and 2 for S-Glass/Epoxy material, pipeline laminate consisting of 50 layers of 0.15-mm thickness, pipe of diameters 100-120 mm, and L/D ratios 0.05-0.25.
Supports of pipelines made by reinforced multilayered composite materials
Typical supporting methods of pipelines are shown in Figs 6 -8.
Important parameters to be derived for pinned supported pipes are: (a) the maximum spacing L (Fig.9 ) between supports, (b) the minimum hanger widths, and (c) the allowable deflection of expansion loops for anchored pipelines. 
3.1.Maximum spacing between supports
According to the Ref. 8 the maximum length between successive equi-spaced supports (Fig.9) is given by the following equation:
where M max is the minimum value between the allowable bending moment M a (for avoiding failure) and the critical one M cr (for avoiding buckling):
Analytic methodology for the calculation of the moments M a and M cr is given in Ref. 8 . The parameters γ γ p f , are the specific gravities of the pipe material and the fluid respectively. The parameter λ* depends onto the number of supports tending to be stable for more than six supports. The value λ* = 0.125 can be used in the engineering practice.
Taking into account the Equn 31, numerical values for the maximum length L between supports for pipelines made by S-Glass/Epoxy materials can be found in Fig.10 for fibre orientation ϕ = 30 o .
Minimum hanger width
The lower part of the pipe segment which is in contact with the support is subjected to bending moment and compression due to the shear stress distribution along the perimeter of the cross section (Fig.11) .
Apart from the above loads, the bending stresses are acting on the cross section, yielding the loading conditions in the point C shown in .
where w is the distributed load per unit length of the pipeline, and B is the hanger width.
Taking into account the above loads, the principal stress can be calculated, and the Tsai-Wu failure criterion can be applied. Numerical results [8] for the hanger width B of a pipeline made by S-Glass/Epoxy material, fiber orientation φ =15 o and length between supports L = 10 m are demonstrated in Fig.13. 
Expansion loops of pipelines made by reinforced multilayered composite materials
Temperature changes yield significant axial forces in pipeline segments with anchored ends, and these forces may have catastrophic consequences in the pipeline structural integrity due to buckling. Therefore, the installation of expansion loops (Fig.14) is the suitable technique, especially for long runs [8] . The basic problem of analysis of the temperature change consequences in the configuration of Fig.14 is to estimate the magnitude of these stresses and check whether or not they are tolerable.
According to Ref.8, the maximum axial force and bending moment on an expansion loop due to a temperature DT is given be the following formulae:
In the above equations the following parameters [11] should be used:
and [8] k In the above formula α 1 and α 2 are the thermal deformation coefficients in principal coordinates 1 and 2, and ϕ the fiber orientation in a filament wound pipe with stacking sequence [± θ].
Using the values F, MB, the following conditions should be satisfied in order an extension loop to be accepted: 
In the above equations N a is the allowable axial force to avoid failure, λ cr is the minimum eigenvalue in order to avoid buckling, M a is the allowable bending moment to avoid failure and M cr is the critical value of bending moment to avoid buckling. More details for these parameters can be found in the Ref. 8 .
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